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(57) The invention is relates to a halftone phase shift 
photomask whose transmittance and phase angle re- 
main unchanged even when irradiated with an excimer 
laser used for exposure over an extended period of time, 
and a blank therefor, and provides a halftone phase shift 
mask 108 comprising a pattern of halftone phase shift 
film 102 containing at least chromium and fluorine on a 
transparent substrate 101 , wherein optical characteris- 
tic changes upon irradiation with an exposure excimer 
laser have been reduced by patterning a film irradiated 
with light 109 having a wavelength substantially ab- 
sorbed by halftone phase shift film 102. 
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a halftone phase shift film pattern containing at least chromium and fluorine on a transparent substrate characterized 
in that: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by provision 
of a protective film pattern on said halftone phase shift film. 

[0022] According to the seventh aspect of the present invention, there is provided a halftone phase shift mask having 
a halftone phase shift film pattern containing at least chromium and fluorine on a transparent substrate characterized 
in that: s ~ ^ v 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by provision 
of a protective film on the whole surface of said mask after patterning of said halftone phase shift film 
[0023] Preferably in the halftone phase shift photomask according to the fourth aspect of the present invention the 
optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by applying the light 
having a wavelength substantially absorbed by the halftone phase shift film, then providing a protective film thereon 
and finally patterning the protective film and halftone phase shift film. 

[0024] In the halftone phase shift photomask according to the fourth aspect of the present invention it is also pref- 
erable that the optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by 
applying the light having a wavelength substantially absorbed by the halftone phase shift film, then patterning the film 
and finally providing a protective film on the whole surface thereof. 

[0025] Preferably in the halftone phase shift photomask according to the fifth aspect of the present invention the 
optical characteristic changes upon irradiation with an exposure laser have been reduced by irradiating a patterned 
halftone phase shift film with the light having a wavelength substantially absorbed by said film, and then providinq a 
protective film on the whole surface thereof. 

[0026] It is also preferable that a stabilized film has been formed on the surface of the halftone phase shift film in 
contact with outside air by the application of the light having a wavelength substantially absorbed by said halftone 
phase shift film. 

[0027] In addition, it is preferable that the protective film contain at least chromium and fluorine with the content of 
fluorine being smaller than that in the halftone phase shift film. 

[0028] Further, it is preferable that the protective film be a transparent film. To this end, for instance, the transparent 
film may be formed mainly of a silicon oxide. 

[0029] Furthermore, it is preferable that when the pattern is formed, the pattern size be smaller than target size. 
[0030] It is here noted that the present invention comprises a pattern -formation process using any one of the aforesaid 
halftone phase shift masks. 

[0031] Why such arrangements as mentioned above are used in the present invention, and how they work is now 
explained. Figs. 16(a) and 1 6(b) are illustrative of how the phase difference and transmittance of a halftone phase shift 
photomask containing at least chromium and fluorine change due to exposure to an excimer laser. That is, the changes 
in the phase difference and transmittance of a halftone phase shift film 5 with respect to the total applied energy are 
shown provided that using an irradiator as schematically shown in Fig. 8, a halftone phase shift film 5 located in a 
sample chamber 3 was irradiated from the side of a glass substrate 4 with ArF excimer laser light (hereinafter called 
simply the laser) 2 from an ArF excimer laser system 1 underthe conditions of pulse energy: 0.2 mJ/cm 2 /pulse repetitive 
frequency: 1 kHz, and irradiation atmosphere: the air. Here the phase difference and transmittance were measured 
using MPM Phase Difference Meter, Laser Tech Co., Ltd. 

[0032] To track down the cause of why the phase angle and transmittance of the halftone phase shift film containing 
at least chromium and fluorine change by the aforesaid ArF excimer laser irradiation, the composition of this halftone 
phase shift film was analyzed by X-ray photoelectron spectroscopy before and after the exposure light irradiation The 
results are set out in Table 1 in the form of the ratio of atoms found in %. Here, the halftone phase shift film was irradiated 
with the ArF excimer laser underthe conditions of pulse energy: 0.2 mJ/cm 2 /pulse, total applied energy: 21 .6 kJ/cm 2 
repetitive frequency: 1 kHz, and irradiation atmosphere: the air. X-ray photoelectron spectroscopy was carried out 
using ESCALAB210, VG SCIENTIFIC Co., Ltd. The in-film composition was analyzed after the film had been half 
etched by means of Ar ion beams. 
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[0033] As can be seen from the table, there is no noticeable change in the composition of the substantial portion of 
the halftone phase shift film by ArF excimer laser irradiation. However, the surface of the film changes in quality; the 
content of fluorine decreases with an increasing content of oxygen. Thus, the cause of the changes in the phase 
difference and transmittance are believed to be the quality change found in the vicinity of the film surface. 

5 [0034] Referring here to the changes in the phase difference and transmittance due to ArF excimer laser irradiation 
of the halftone phase shift photomask having a halftone phase shift mask containing at least chromium and fluorine, 
it is worth of note that, as can be seen from Fig. 1 6, the amounts of the changes in both the phase difference and the 
transmittance are large from the initiation of irradiation up to the total applied energy of 2.5 kJ/cm 2 , but they are relatively 
stabilized after the total applied energy has reached 2.5 kJ/cm 2 . It is thus found that if the ArF excimer laser irradiation 

10 corresponding to this is carried out in the process of mask fabrication so as to allow the surface composition of the film 
to previously change as mentioned above, it is then possible to reduce the amount of the subsequent change to an 
extremely low level. 

[0035] In the present invention, therefore, the halftone phase shift photomask having a halftone phase shift film 
containing at least chromium and fluorine is irradiated, for instance, with the same excimer laser as the exposure light 
15 before used for exposure, so that the surface of the film is previously allowed to change in quality, thereby reducing 
the changes in the phase difference and transmittance of the film after the initiation of exposure. When ArF excimer 
laser irradiation is used for this stabilization, it is found from Fig. 16 that the previous application of the total applied 
energy of 2.5 kJ/cm 2 are sufficient to this end. 

[0036] While an excimer laser similar to that actually used for exposure may be used for irradiation, it is understood 
20 that another light may be used with the proviso that it can be substantially absorbed by the halftone phase shift film. 

For instance, high pressure mercury-vapor lamps, xenon lamps, and deuterium lamps may be used for light sources. 

The irradiation of the halftone phase shift film with light may be carried out, with the same effect, from either the front 

or back side thereof. The irradiation should preferably be carried out in the air. However, this irradiation could be carried 

out, with the same effect, whether in a nitrogen atmosphere or in vacuum. The irradiation may be carried out simulta- 
25 neously with the application of heat. In any case, it is only required to find the correlation between the total applied 

energy and the changes in transmittance and phase angie, as shown in Fig. 1 6, and apply the amount of energy greater 

than its point of inflection. 

[0037] It is here noted that this irradiation is not necessarily carried out after completion of the photomask fabrication 
process. In other words, the irradiation may be carried out at any time before the formation of a resist pattern using- 

30 this photomask. For instance, the irradiation may be performed, with the same effect, whether in the process of making 
a photomask blank before forming the desired pattern or after the desired pattern has been formed. It follows that even 
when the irradiation is performed at any step after the halftone phase shift mask containing at least chromium and . 
fluorine has been formed and before completion of the photomask, it is possible to reduce the changes in the trans- 
mittance and phase angle due to the aforesaid exposure. 

35 [0038] When a halftone phase shift photomask having a stabilized phase difference and transmittance is actually 
fabricated according to the process of the present invention, it is preferable to form a halftone phase shift film on a 
transparent substrate while its phase angle and transmittance are determined in consideration of the aforesaid amount 
of change due to irradiation for stabilization. 

[0039] The present invention is also concerned with the provision of a protective film for preventing the aforesaid 
40 film quality change on the surface of a halftone phase shift film. By providing an arrangement for preventing the film 
quality change inherent in the vicinity of the film surface as shown in Table 1 , too, it is again possible to reduce the 
aforesaid changes in phase angle and transmittance due to exposure light irradiation. 

[0040] Preferable for this protective film, for instance, is a film transparent to exposure light such as an Si0 2 film. 
The protective film does not only undergo such surface changes as shown in Table 1 even by irradiation with exposure 
45 light such as an ArF excimer laser but has also a function of preventing a halftone phase shift film containing at least 
chromium and fluorine from changing in quality, viz., decreasing in the content of fluorine with an increasing content 
of oxygen. It is thus possible to prevent the changes in the phase angle and transmittance of the halftone phase shift 
photomask due to exposure light irradiation. 

[0041] For the protective film, transparent films formed of metal fluorides and oxides such as MgF 2 , CaF 2 , LiF 2 , 
so Al 2 0 3 , Ti0 2 , 2r0 2 , Hf0 2 , Ta 2 O s , ZnO, MgO and Mg 2 0 5 , to say nothing of the aforesaid Si0 2 , as well as and oxides of 
metal silicides such as CrSi, MoSi and WSi may be used. The desired effect of this protective film is achievable irre- 
spective of where in the process of photomask fabrication it is formed. However, the protective film should be formed 
after the formation of the halftone phase shift film on the transparent substrate. 

[0042] It is acceptable to use for the protective film a film translucent to exposure light, for instance, thin films formed 
55 of metals such as Mo and Cr. Preferably in this case, however, the translucent protective film should be formed before 
the photomask blank is processed into the desired pattern, and then processed into the same pattern simultaneously 
with the processing of the halftone phase shift film or at a separate step. 

[0043] In any case, the halftone phase shift film should be formed in such a way that when the protective film is 
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provided, its transmittance and phase angle have the desired correlation between the opening portion and the pattern 
portion. When it is expected that the halftone phase shift film may be formed even on a section with the pattern formed 
thereon, for instance, when the halftone phase shift film is previously processed into the desired pattern followed by 
the provision of the protective film, the halftone phase shift film should preferably be formed with modification of pattern 
size in consideration of a possible change in transfer size due to transfer thereof to the section. 
[0044] When the halftone phase shift film containing at least chromium and fluorine has substantially a multilayer 
structure, it is also effective to locate on the uppermost surface thereof a film that is most unlikely to undergo the 
aforesaid surface changes due to exposure light Referring here to a multilayer film containing at least chromium and 
fluorine, in general, the more the content of fluorine, the more the content of oxygen is due to the aforesaid exposure 
with a decreasing content of fluorine. In this case, it is desired to locate a film with a decreased content of fluorine on 
the surface of the multilayer structure. 

[0045] The application of the light having a substantially absorbed wavelength and the formation of the protective 
film - for the purpose of reducing the changes in transmittance and phase angle of the halftone phase shift film containing 
at least chromium and fluorine due to irradiation with exposure light such as an ArF excimer laser - have substantially 
the invariable effect irrespective of when carried out singularly or simultaneously. Generally in this case, it is noted that 
as far as the obtained effect is concerned, which of the application of the light having a substantially absorbed wave- 
length and the formation of the protective film is first carried out is of no precedence, and that they may be carried out 
somewhere in the process of photomask fabrication. 

[0046] Thus, the present invention relates to a halftone phase shift photomask wherein a halftone phase shift film 
containing at least chromium and fluorine is formed on a transparent substrate. By irradiation with light having a wave- 
length substantially absorbed by this halftone phase shift film, thereby modifying the surface film quality thereof, it is 
possible to stabilize the transmittance and phase difference thereof with respect to irradiation with exposure light such 
as an ArF excimer laser. 

[0047] By providing a protective film on the surface of the halftone phase shift film, it is also possible to prevent any 
change in the surface quality of the aforesaid halftone phase shift photomask due to irradiation with exposure light 
such as an ArF excimer laser and, hence, stabilize the transmittance and phase difference thereof with respect to 
exposure light irradiation. 

[0048] The modification of these films or the provision of the protective film ensures that the halftone phase shift 
photomask is reduced in terms of the change in transmittance and phase angle during its storage or use, and eliminates 
or reduces various problems arising whenever the halftone phase shift mask is used such as a variation in the correct 
exposure, decreased dimensional accuracy, limited focus tolerance, limited pattern -formation tolerance, and degrada- 
tion of pattern shape. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0049] Figs. 1 (a) through 1 (f) are illustrative of steps of fabricating a halftone phase shift mask blank according to 
Example 1 of the invention, and steps of processing the blank to obtain a halftone phase shift photomask 
[0050] Figs. 2(a) through 2(d) are illustrative of steps of fabricating a halftone phase shift photomask accordinq to 
Example 2 of the invention. 

[0051] Figs. 3(a) through 3d(f) are illustrative of steps of fabricating a halftone phase shift mask blank according to 
Example 3 of the invention, and steps of processing the blank to obtain a halftone phase shift photomask. 
[0052] Figs. 4(a) through 4(d) are illustrative of steps of fabricating a halftone phase shift photomask accordinq to 
Example 4 of the invention. 

[0053] Figs. 5(a) through 5(e) are illustrative of steps of fabricating a halftone phase shift photomask accordinq to 
^ Example 5 of the invention. 

[0054] Figs. 6(a) through 6(f) are illustrative of steps of fabricating a halftone phase shift photomask accordinq to 
Example 6 of the invention. 

[0055] Figs. 7(a) through 7(e) are illustrative of steps of fabricating a halftone phase shift photomask accordinq to 
Example 7 of the invention. 

[0056] Fig. 8 is a schematic illustrative of an ArF excimer laser irradiator. 

[0057] Fig. 9 is a graphical representation illustrative of the results of experimentation on the resistance to ArF excimer 
laser irradiation of the halftone phase shift photomask according to Example 1 of the invention. 
[0058] Fig. 10 is a graphical representation illustrative of the results of experimentation on the resistance to ArF 
excimer laser irradiation of the halftone phase shift photomask according to Example 3 of the invention. 
[0059] Fig. 11 is illustrative of one construction of an aligner used at a resist pattern -formation step in Example 8 of 
the invention. 

[0060] Fig. 12 is a graphical representation illustrative of the results of experimentation wherein the resist pattern of 
Example 8 was formed using the halftone phase shift photomask according to Example 1 of the invention. 
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[0061] Fig. 13 is a graphical representation illustrative of the results of experimentation wherein the resist pattern of 
Example 8 was formed using the halftone phase shift photomask according to Example 3 of the invention. 
[0062] Figs. 14(a) through 14(d) are illustrative of the principles of halftone phase shift lithography. 
[0063] Figs. 15(a) through 15(d) are illustrative of conventional lithography as compared with Figs. 14(a) through 14 
s (d). 

[0064] Figs. 1 6(a) and 1 6(b) are graphical representations illustrative of how the phase difference and transmittance 
of a halftone phase shift photomask having a halftone phase shift film containing chromium and fluorine change due 
to excimer laser irradiation. 

[0065] Fig. 1 7 is a graphical representation illustrative of influences that transmittance changes have on the depth 
10 of focus and transfer size in lithography using a halftone phase shift photomask. 

[0066] Fig. 1 8 is a graphical representation illustrative of influences that phase difference changes have on the depth 
of focus and the best focus change in lithography using a halftone phase shift photomask. 



BEST MODE FOR CARRYING OUT THE INVENTION 

15 

[0067] The halftone phase shift photomask and halftone phase shift photomask blank according to the present in- 
vention are now explained specifically with reference to their examples. 



Example 1 

20 

[0068] Examples of the halftone phase shift photomask and halftone phase shift photomask blank according to the 
present invention are explained with reference to Figs. 1 (a) through 1 (f). As shown in Fig. 1 (a), a halftone phase shift 
film 102 containing chromium and fluorine is formed on an optically polished, well-washed synthetic quartz substrate 
101 by means of sputtering under the following conditions, thereby obtaining a halftone phase shift photomask blank 
25 103. 



Sputtering system: DC magnetron sputtering system 
Target: Metallic chromium 

Gases and flow rates: Argon gas 76 seem plus carbon tetrafluoride gas 24 seem 
30 Sputtering pressure: 3.0 millitorr 

Sputtering current: 5.5 amperes 



[0069] Here the formed halftone phase shift film 102 had a thickness of 135 nm. 

[0070] Apart from this, a sample 1 04 for measuring phase difference and transmittance, as shown in Fig. 1 (b), was 
35 prepared by forming the halftone phase shift film 1 02 on the synthetic quartz substrate 1 01 at the same thickness under 

the same conditions, and patterning the halftone phase shift film by conventional lithography. By measurement on a 

phase shift mask phase difference meter (MPM193, Laser Tech Co., Ltd.), the phase difference and transmittance at 

193 nm wavelength of the halftone phase shift film was found to be about 182° and about 10%, respectively. 

[0071] Using the irradiator shown in Fig. 8, the halftone phase shift photomask 103 was irradiated with laser light 
40 109 of 193 nm wavelength, as shown in Fig. 1(c), thereby obtaining such a halftone phase shift mask blank 105 as 

shown in Fig. 1 (d), which enabled the photomask to be used while its optical characteristic change was much reduced. 

The irradiation was carried out under the following conditions. 



Light source: ArF excimer laser 
45 Irradiation atmosphere: Nitrogen :oxygen = 80:20 

Pulse energy: 0.2 mJ/cm 2 /pulse 
Total energy: 2.5 kJ/cm 2 



[0072] The blank 1 03 was irradiated with the laser from the direction of the substrate 101. 
so [0073] The aforesaid phase difference and transmittance-measuring sample 1 04 was irradiated under the aforesaid 
conditions to measure its phase difference and transmittance at 193 nm wavelength, which were found to be about 
1 80° and about 1 1 .5%, respectively. 

[0074] Changes in the transmittance of the thus, obtained. halftone phase shift photomask blank 105 due to ArF 
excimer laser irradiation are shown in Fig. 9. It is found that this halftone phase shift photomask blank 105 is much 
ss reduced in terms of the changes in phase difference and transmittance in the process of transfer after it has been 
patterned and processed into a photomask and, hence, much improved in terms of practical utility, because its optical 
characteristics have previously been varied as shown in Fig. 16 and reached a certain stable level. 
[0075] Next, the step of patterning and processing this halftone phase shift photomask blank into a photomask is 
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now explained. As shown in Fig. 1 (e), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co., Ltd.) 
is coated on the halftone phase shift photomask blank 105 at a post-baking thickness of 300 nm, and subsequently 
baked at 110°C for 20 minutes to obtain an electron beam resist film 106. Then, using an electron beam lithography 
system for photomasks, a latent image in the desired pattern is obtained. Finally, this latent image is developed with 
a dedicated developing solution ZED500 to obtain the desired resist pattern 107. 

[0076] Using this resist pattern 107 as a mask, reactive ion etching is carried out under the following conditions for 
the dry etching of halftone phase shift film 102 (Fig. 1 (a)). 

Etching system: Parallel-plate reactive ion etcher 

Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem 

Etching pressure: 200 millitorr 

Etching power: 300 watts 

[0077] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
ultraviolet radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
photomask 108 as shown in Fig. 1(f). 

[0078] The thus obtained halftone phase shift photomask 108 is much reduced in terms of phase difference and 
transmittance changes in the process of transfer and, hence, much improved in terms of practical utility, because it is 
fabricated using the blank with stabilized optical characteristics as shown in Fig. 9. 

Example 2 

[0079] In this example, another halftone phase shift photomask according to the present invention is explained with 
reference to Figs. 2(a) through 2(d). As shown in Fig. 2(a), a halftone phase shift film 202 containing chromium and 
fluorine is formed on an optically polished, well-washed synthetic quartz substrate 201 by means of sputtering under 
the following conditions, thereby obtaining a halftone phase shift photomask blank 203. 



Sputtering system: DC magnetron sputtering system 
Target: Metallic chromium 
30 Gases and flow rates: argon gas 76 seem plus carbon tetrafluoride gas 24 seem 

Sputtering pressure: 3.0 millitorr 
Sputtering current: 5.5 amperes 



[0080] Here the formed halftone phase shift film 202 had a thickness of 135 nm. 

[0081] Then, as shown in Fig. 2(b), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co., Ltd.) 
is coated on this blank 203 at a post-baking thickness of 300 nm, and subsequently baked at 11 0°C for 20 minutes to 
obtain an electron beam resist film 204. Then, using an electron beam lithography system for photomasks, a latent 
image in the desired pattern is obtained. Finally, this latent image is developed with a dedicated developing solution 
ZED500 to obtain the desired resist pattern 205. 

[0082] Using this resist pattern 205 as a mask, reactive ion etching is carried out under the following conditions for 
the dry etching of halftone phase shift film 202 (Fig. 2(a)). 



Etching system: Parallel-plate reactive ion etcher 
Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem 
45 Etching pressure: 200 millitorr 

Etching power: 300 watts 

[0083] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
ultraviolet radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
50 photomask 206 as shown in Fig. 2(c). 

[0084] Next, this halftone phase shift photomask 206 is well washed, and then irradiated with laser light 208 of 1 93 
nm wavelength from the irradiator shown in Fig. 8, as in Example 1, thereby obtaining such a halftone phase shift 
photomask 207 as shown in Fig. 2(d), which can be used while its optical characteristic changes are much reduced. 
The irradiation is carried out under the same conditions as in Example 1 . 



. . ~r w W . , w wv» ■ LI W| |U II I l_Aai I l|JIC I ■ 

[0085] The thus obtained halftone phase shift photomask 207 is much reduced in terms of the changes in phase 
difference and transmittance in the process of transfer and, hence, much improved in terms of practical utility, because 
its optical characteristics have previously been varied as shown in Fig. .16 and reached a certain stable level. 
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Example 3 

[0086] Examples of the halftone phase shift photomask blank and halftone phase shift photomask according to the 
present invention are explained with reference to Figs. 3(a) through 3(d). As shown in Fig. 3(a), a halftone phase shift 
5 film 302 containing chromium and fluorine is formed on an optically polished, well-washed synthetic quartz substrate 
301 by means of sputtering under the following conditions. 

Sputtering system: DC magnetron sputtering system 
Target: Metallic chromium 
10 Gases and flow rates: Argon gas 76 seem plus carbon tetrafluoride gas 24 seem 

Sputtering pressure: 3.0 millitorr 
Sputtering current: 5.5 amperes 

[0087] Here the formed halftone phase shift film 302 had a thickness of 130 nm. 
is [0088] Subsequently, an Si0 2 protective film 303 is formed on the halftone phase shift film 302 under the following 
conditions, thereby obtaining a halftone phase shift photomask blank 304. 

Sputtering system: RF magnetron sputtering system 
Target: Silicon dioxide 
20 Gases and flow rates: Argon gas 50 seem 

Sputtering pressure: 3.0 millitorr 
Sputtering power: 1 kilowatt 

[0089] Here the formed protective film 303 had a thickness of 20 nm. 

25 [0090] Apart from this, a sample 305 for measuring phase difference and transmittance, as shown in Fig. 3(b)*was 
prepared by forming the halftone phase shift film 302 and protective film 303 on the synthetic quartz substrate 301 at 
the same thickness under the same conditions, and patterning the protecting film 303 and halftone phase shift film 302 
by conventional lithography. By measurement on a commercially available phase shift mask phase difference meter 
(MPM193, Laser Tech Co., Ltd.), the phase difference and transmittance at 193 nm wavelength of the halftone phase 

30 shift film was found to be about 1 80° and about 1 2%, respectively. 

[0091] Changes in the transmittance of the thus obtained halftone phase shift photomask blank 304 due to ArF 
excimer laser irradiation are shown in Fig. 10. It is found that this halftone phase shift photomask blank 304 is much 
reduced in terms of the changes in phase difference and transmittance in the process of transfer after it has been 
patterned and processed into a photomask and, hence, much improved in terms of practical utility, because such 

35 surface composition changes as shown in Table 1 do not occur in the process of transfer, and because the optical 
characteristics changes shown in Fig. 16 are prevented by the provision of the protective film on the surface thereof. 
[0092] Next, the step of patterning and processing this halftone phase shift photomask blank 304 into a photomask 
is explained. As shown in Fig. 3(c), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co., Ltd.) 
is coated on the halftone phase shift photomask blank 304 at a post-baking thickness of 300 nm, and subsequently 

40 baked at 110°C for 20 minutes to obtain an electron beam resist film 306. Then, using an electron beam lithography 
system for photomasks, a latent image in the desired pattern is obtained. Finally, this latent image is developed with 
a dedicated developing solution ZED500 to obtain the desired resist pattern 307. 

[0093] Using this resist pattern 307 as a mask, reactive ion etching is carried out under the following two sets of 
conditions for the continuous dry etching of protective film 303 and halftone phase shift film 302 (Fig. 3(a)). 
45 Etching system: Parallel-plate reactive ion etcher 

Conditions 1 : 

[0094] 

50 

Gas and flow rate: Carbon tetrafluoride 1 00 seem 
Etching pressure: 200 millitorr 
Etching power: 300 watts 

55 
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Conditions 2; 
[0095] 

5 Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem 

Etching pressure: 200 millitorr 
Etching power: 300 watts 

[0096] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
10 ultraviolet radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
photomask 308 as shown in Fig. 3(d). 

[0097] The thus obtained halftone phase shift photomask 308 is much reduced in terms of the changes in phase 
difference and transmittance in the process of transfer and, hence, much improved in terms of practical utility, because 
the optical characteristic changes shown in Fig. 1 6 are prevented by the formation of the protective film on the surface 
*s thereof. 

Example 4 



20 



[0098] In this example, a further halftone phase shift photomask according to the present invention is explained with 
reference to Figs. 4(a) through 4(d). As shown in Fig. 4(a), a halftone phase shift film 402 containing chromium and 
fluorine is formed on an optically polished, well-washed synthetic quartz substrate 401 by means of sputtering under 
the following conditions, thereby obtaining a halftone phase shift photomask blank 403. 

Sputtering system: DC magnetron sputtering system 
2 $ Target: Metallic chromium 

Gases and flow rates: Argon gas 76 seem plus carbon tetrafluoride gas 24 seem 
Sputtering pressure: 3.0 millitorr 
Sputtering current: 5.5 amperes 

30 [0099] Here the formed halftone phase shift film 402 had a thickness of 135 nm. 

[0100] Then, as shown in Fig. 4(b), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co., Ltd.) 
is coated on the this blank 403 at a post-baking thickness of 300 nm, and subsequently baked at 1 1 0°C for 20 minutes 
to obtain an electron beam resist film 404. Then, using an electron beam lithography system for photomasks, a latent 
image in the desired pattern is obtained. Finally, this latent image is developed with a dedicated developing' solution 

35 ZED500 to obtain the desired resist pattern 405. 

[0101] Using this resist pattern 405 as a mask, reactive ion etching is carried out under the following conditions for 
the dry etching of halftone phase shift film 402 (Fig. 4(a)). 

Etching system: Parallel-plate reactive ion etcher 
40 Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem 

Etching pressure: 200 millitorr 
Etching power: 300 watts 



45 



50 



[0102] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
ultraviolet radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
photomask 406 as shown in Fig. 4(c). 

[0103] Then, as shown in Fig. 4(d), a protective film 407 is formed on this halftone phase shift photomask 406 under 
the following conditions, thereby obtaining a halftone phase shift photomask 408 with the protective film attached 
thereto. 



Sputtering system: RF magnetron sputtering system 
Target: Silicon dioxide 
Gas and flow rate: Argon gas 50 seem 
Sputtering pressure: 3.0 millitorr 
5 5 Sputtering power: 1 kilowatt 



[0104] Here the formed protective film 407 had a thickness of 20 nm. 

[01 05] The thus obtained halftone phase shift photomask 408 is much reduced in terms of the phase difference and 
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transmittance changes in the process of transfer and, hence, much improved in terms of practical utility, because it is 
fabricated using the blank having stable optical characteristics with respect to ArF excimer laser irradiation, as shown 
in Fig. 1 0. 

5 Example 5 

[0106] In this example, a further halftone phase shift photomask according to the present invention is explained with 
reference to Figs. 5(a) through 5(e). As shown in Fig. 5(a) and as in Example 2, a halftone phase shift film 502 containing 
chromium and fluorine is formed on an optically polished, well-washed synthetic quartz substrate 501 by means of 
10 sputtering under the following conditions, thereby obtaining a halftone phase shift photomask blank 503. 

Sputtering system: DC magnetron sputtering system 
Target: Metallic chromium 

Gases and flow rates: Argon gas 76 seem plus carbon tetrafluoride gas 24 seem 
is Sputtering pressure: 3.0 millitorr 

Sputtering current: 5.5 amperes 

[0107] Here the formed halftone phase shift film 502 had a thickness of 135 nm. 

[0108] Then, as shown in Fig. 5(b), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co., Ltd.) 
20 i s coated on this blank 503 at a post-baking thickness of 300 nm, and subsequently baked at 11 0°C for 20 minutes to 
obtain an electron beam resist film 504. Then, using an electron beam lithography system for photomasks, a latent 
image in the desired pattern is obtained. Finally, this latent image is developed with a dedicated developing solution 
ZED500 to obtain the desired resist pattern 505. 

[0109] Using this resist pattern 505 as a mask, reactive ion etching is carried out under the following conditions for 
25 the dry etching of halftone phase shift film 502 (Fig. 5(a)). 

Etching system: Parallel-plate reactive ion etcher 
Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem 
Etching pressure: 200 millitorr 
30 Etching power: 300 watts 

[0110] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
ultraviolet radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
photomask 506 as shown in Fig. 5(c). 
35 [0111] Next, this halftone phase shift photomask 506 is well washed, and then irradiated with laser light 208 of 193 
nm wavelength from the irradiator shown in Fig. 8, as in Examples 1 and 2, thereby obtaining such a halftone phase 
shift photomask 507 as shown in Fig. 5(d), which can be used while its optical characteristic changes are much reduced. 
The irradiation is carried out under the same conditions as in Examples 1 and 2. 

[0112] Then, as shown in Fig. 5(e), an Si0 2 protective film 509 is formed on the whole surface of this halftone phase 
40 shift photomask 507 under the following conditions, thereby obtaining a halftone phase shift photomask 51 0 with the 
protective film attached thereto. 

Sputtering system: RF magnetron sputtering system 
Target: Silicon dioxide 
45 Gas and flow rate: Argon gas 50 seem 

Sputtering pressure: 3.0 millitorr 
Sputtering power: 1 kilowatt 

[0113] Here the formed protective film 509 had a thickness of 20 nm. 
so [0114] The thus obtained halftone phase shift photomask 510 is much reduced in terms of the changes in phase 
difference and transmittance in the process of transfer and, hence, much improved in terms of practical utility, because 
the optical characteristic changes shown in Fig. 16 are prevented by the formation of the protective film 509 on the 
surface thereof. 

55 Example 6 

[0115] In this example, a further halftone phase shift photomask according to the present invention is explained with 
reference to Figs. 6(a) through 6(f). As shown in Fig. 6(a) and as in Example 2, a halftone phase shift film 602 containing 
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chromium and fluorine is formed on an optically polished, well-washed synthetic quartz substrate 601 by means of 
sputtenng under the following conditions, thereby obtaining a halftone phase shift photomask blank 603. 

Sputtering system: DC magnetron sputtering system 
Target: Metallic chromium 

Gases and flow rates: Argon gas 76 seem plus carbon tetrafluoride gas 24 seem 
Sputtering pressure: 3.0 millitorr 
Sputtering current: 5.5 amperes 

[01 1 6] Here the formed halftone phase shift film 602 had a thickness of 1 30 nm. 

[01 17] Subsequently, an Si0 2 protective film 604 is formed on the halftone phase shift film under the following con- 
ditions as shown in Fig. 6(b), thereby obtaining a halftone phase shift photomask blank 605. 

Sputtering system: RF magnetron sputtering system 

Target: Silicon dioxide 

Gases and flow rates: Argon gas 50 seem 

Sputtering pressure: 3.0 millitorr 

Sputtering power: 1 kilowatt 

[01 1 8] Here the formed protective film 604 had a thickness of 20 nm. 

[0119] Next, as shown in Fig. 6(c), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co Ltd ) 
is coated on the halftone phase shift photomask blank 605 at a post-baking thickness of 300 nm, and subsequently 
baked at 110°C for 20 minutes to obtain an electron beam resist film 606. Then, using an electron beam lithography 
system for photomasks, a latent image in the desired pattern is obtained. Finally, this latent image is developed with 
a dedicated developing solution ZED500 to obtain the desired resist pattern 607. 

[0120] Using this resist pattern 607 as a mask, reactive ion etching is carried out under the following two sets of 
conditions for the continuous dry etching of protective film 604 and halftone phase shift film 602 (Fig 6(a) and 6(b)) 
Etching system: Parallel-plate reactive ion etcher 

Conditions 1: 



[0121] 

Gases and flow rates: Carbon tetrafluoride 100 seem 
Etching pressure: 200 millitorr 
Etching power: 300 watts 

Conditions 2: 



[0122] 



Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem 
Etching pressure: 200 millitorr 
Etching power: 300 watts 



[0123] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
ultrav IO let radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
photomask 608 as shown in Fig. 6(d). 

[0124] Further, the halftone phase shift photomask 608 is well-washed, and then irradiated with laser light 610 of 
1 93 nm wavelength from the irradiator shown in Fig. 8, as in Example 1 , thereby obtaining such a halftone phase shift 
mask 609 as shown in Fig. 6(f), which can be used while it is much reduced in terms of optical characteristic changes 
The irradiation is carried out under the same conditions as in 



Example 1 . 



[0125] The thus obtained halftone phase shift photomask 609 is much reduced in terms of phase difference and 
transmittance in the process of transfer and, hence, much improved in terms of practical utility, because the optical 
charactenstic changes shown in Fig. 6 have previously be varied until a certain stable level has been reached 
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Example 7 

[0126] In this example, a further halftone phase shift photomask blank according to the present invention is explained 
with reference to Figs. 7(a) through 7(e). As shown in Fig. 7(a) and as in Example 2, a halftone phase shift film 702 
5 containing chromium and fluorine is formed on an optically polished, well-washed synthetic quartz substrate 701 by 
means of sputtering under the following conditions, thereby obtaining a halftone phase shift photomask blank 703. 

Sputtering system: DC magnetron sputtering system 
Target: Metallic chromium 
10 Gases and flow rates: Argon gas 76 seem plus carbon tetrafluoride gas 24 seem 

Sputtering pressure: 3.0 millitorr 
Sputtering current: 5.5 amperes 

[0127] Here the formed halftone phase shift film 702 had a thickness of 135 nm. 

15 [0128] Then, as shown in Fig. 7(b), a commercially available electron beam resist (ZEP7000, Nippon Zeon Co., Ltd.) 
is coated on this blank 703 at a post-baking thickness of 300 nm, and subsequently baked at 110°C for 20 minutes to 
obtain an electron beam resist film 704. Then, using an electron beam lithography system for photomasks, a latent 
image in the desired pattern is formed, provided however that the size of openings in the pattern is larger than the 
original opening size. Finally, this latent image is developed with a dedicated developing solution ZED500 to obtain a 

20 resist pattern 705 having an opening portion larger than the desired opening size. 

[0129] Using this resist pattern 705 as a mask, reactive ion etching is carried out under the following conditions for 
the dry etching of halftone phase shift film 702 (Fig. 7(a)). 

Etching system: Parallel-plate reactive ion etcher 
25 Gases and flow rates: Dichloromethane 30 seem plus oxygen 60 seem ■** 

Etching pressure: 200 millitorr 
Etching power: 300 watts 

'■U 

[0130] After completion of etching, the halftone phase shift film is surface treated with ozone while irradiated with 
30 ultraviolet radiation to remove an unnecessary portion of the resist, thereby obtaining such a halftone phase shift 
photomask 706 as shown in Fig. 7(c). This halftone phase shift photomask 706 has an opening portion 710 larger than 
the desired size of an opening portion 709 in a halftone phase shift photomask 711 as shown in Fig. 7(d). 
[0131] Subsequently, a protective film 704 is formed on the halftone phase shift photomask 706 under the following 
conditions as shown in Fig. 7(e), thereby obtaining a halftone phase shift photomask 708 with the protective film at- 
35 tached thereto. 

Sputtering system: RF magnetron sputtering system 
Target: Silicon dioxide 
Gases and flow rates: Argon gas 50 seem 
^o Sputtering pressure: 3.0 millitorr 

Sputtering power: 1 kilowatt 

[0132] Here it is noted that the protective film 707 should be formed at such a thickness that the aforesaid opening 
portion has the desired patterning opening size by deposition of the protective film onto the pattern section. 
[0133] In this example, the desired opening size could be obtained by patterning the halftone phase shift film 702 
while the opening size was 20 nm larger than the desired value on each side, and forming the protective film 707 at a 
thickness of 50 nm. 

[0134] The thus obtained halftone phase shift photomask 708 is much reduced in terms of phase difference and 
transmittance changes in the process of transfer and, hence, much improved in terms of practical utility, because. the 
so optical characteristic changes shown in Fig. 1 6 are prevented by the formation of the protective film 707 on the surface 
thereof. .. 

Example 8 

55 [0135] In this example, how to form a resist pattern on a wafer using the halftone phase shift photomask of the 
present invention is explained with reference to Fig. 1 1 . A halftone phase shift photomask 1 0 according to the present 
invention was positioned in a semiconductor aligner of such construction as shown in Fig. 11 . Then, a halftone mask 
pattern was projected onto a wafer 1 2 on which a resist was coated using an ArF excimer laser 1 1 of 1 93 nm wavelength . 
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The wafer 12 was coated thereon with DUV-30, Nissan Chemical Industries, Ltd., then baked at a given temperature 
then coated thereon with ZAF001 , Nippon Zeon Co., Ltd., and finally baked at a given temperature. After this, the wafer 
was exposed to light using a 1 93 nm wavelength ArF excimer laser aligner of Fig. 11, followed by backing at a given 
temperature, and development. a 
s [0136] With a pattern having a target size of 0.15 u. m in mind, exposure was carried out over an extended period of 
time. However, there were no noticeable changes in size and focal depth. 

[0137] Fig. 12 is a graphical representation illustrative of the results of transfer using the halftone phase shift pho- 
tomask of Example 1 of the invention, and Fig. 13 is a graphical representation illustrative of the results of transfer 
using the halftone phase shift photomask of Example 3. 

w [0138] The quantity of light exposed to the mask of the present invention is 15 kJ/cm2 amounting to a 1 .5 year worth 
of usual semiconductor exposure. This implies that the robustness of the halftone mask can be ensured by irradiation 
with energy radiation. 
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POSSIBILITY OF UTILIZATION IN INDUSTRY 

l V-«V t AcC ° rd t ; n9 t0 the present inv ention, as can be understood from the foregoing explanation, a halftone phase 
shift film - which may be modified by irradiation with exposure light while actually used - is modified before put to 
pract,cal use and/or a protective film for preventing such modification is provided, so that changes in phase difference 
and transmittance while the mask is used can be much reduced. It is thus possible to achieve practically much improved 
halftone phase shift photomasks and blanks therefor. 



Claims 

25 1 . a halftone phase shift mask blank comprising a halftone phase shift film containing at least chromium and fluorine 
on a transparent substrate, wherein: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by appli- 
cation of light of a wavelength substantially absorbed by said halftone phase shift film. 

2. A halftone phase shift mask blank comprising a halftone phase shift film containing at least chromium and fluorine 
on a transparent substrate, wherein: 

a protective film has been provided on said halftone phase shift mask to reduce optical characteristic changes 
upon irradiation with an exposure excimer laser. 

3. A halftone phase shift mask blank comprising a halftone phase shift film containing at least chromium and fluorine 
on a transparent substrate, wherein: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by appli- 
cation of light of a wavelength substantially absorbed by said halftone phase shift film, and provision of a protective 
layer on said halftone phase shift mask. . 

4. The halftone phase shift mask blank according to claim 1 or 3, wherein a stabilized film has been formed on the 

fu .I ha,ft ° ne Phase Shlft film by the a PP ,ication of light having a wavelength substantially absorbed by 
the halftone phase shift mask. 

5. The halftone phase shift mask blank according to any one of claims 2 to 4, wherein the protective film contains at 
least chromium and fluorine with the content of fluorine being smaller than that in the halftone phase shift mask. 

6. The halftone phase shift mask blank according to any one of claims 2 to 4, wherein the protective film is a trans- 
parent film. 

7. The halftone phase shift mask blank according to any one of claims 2, 3, 4 and 6, wherein the protective film is 
mainly made up of a silicon oxide. 

8. A halftone phase shift mask comprising a halftone phase shift film pattern containing at least chromium and fluorine 
on a transparent substrate, wherein: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by pat- 
.tenting of a film irradiated with light having a wavelength substantially absorbed by said halftone phase shift film. 
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9. A halftone phase shift mask comprising a halftone phase shift film pattern containing at least chromium and fluorine 
on a transparent substrate, wherein: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by appli- 
cation of light having a wavelength substantially absorbed by said halftone phase shift film after patterning of said 
halftone phase shift film. 

10. A halftone phase shift mask comprising a halftone phase shift film pattern containing at least chromium and fluorine 
on a transparent substrate, wherein: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by provi- 
sion of a protective film pattern on said halftone phase shift film. 

11. A alftone phase shift mask having a halftone phase shift film pattern containing at least chromium and fluorine on 
a transparent substrate, wherein: 

optical characteristic changes upon irradiation with an exposure excimer laser have been reduced by provi- 
sion of a protective film on the whole surface of said mask after patterning of said halftone phase shift film. 

12. The halftone phase shift mask according to claim 8, wherein the optical characteristic change upon irradiation with 
an exposure excimer laser have been reduced by applying the light having a wavelength substantially absorbed 
by the halftone phase shift film, then providing a protective film thereon, and finally patterning the protective film 
and halftone phase shift film. 

13. The halftone phase shift mask according to claim 8, wherein the optical characteristic changes upon irradiation 
with an exposure excimer laser have been reduced by applying the light having a wavelength substantially ab- 
sorbed by the halftone phase shift film, then patterning the film, and finally providing a protective film on the whole 
surface thereof. 

14. The halftone phase shift mask according to claim 9, wherein the optical characteristic changes upon irradiation 
with an exposure laser have been reduced by irradiating a patterned halftone phase shift film with the light having 
a wavelength substantially absorbed by said film, and then providing a protective film on the whole surface thereof. 

15. The halftone phase shift mask according to any one of claims 8, 9, 12, 13 and 14, wherein a stabilized film has 
been formed on the surface of the halftone phase shift film in contact with outside air by the application of the light 
having a wavelength substantially absorbed by said halftone phase shift film. 

16. The halftone phase shift mask according to any one of claims 1 0 to 15, wherein the protective film contains at least 
chromium and fluorine with the content of fluorine being smaller than that in the halftone phase shift film. 

1 7. The halftone phase shift mask according to any one of claims 1 0 to 1 5, wherein the protective film is a transparent 
film. 

18. The halftone phase shift mask according to any one of claims 1 0 to 15 and 1 7, wherein the protective film is a film 
mainly made up of a silicon oxide. 

1 9. The halftone phase shift mask according to any one of claims 9, 1 0 and 1 3 to 1 8, wherein a pattern is formed with 
pattern size smaller than target size. 

20. A pattern-formation process using the halftone phase shift mask according to any one of claims 8 to 19. 
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FIG. 2(a) 
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FIG. 3(a) 



303- 
302' 
301- 



^304 



FIG. 3(b) 



Y3Q5 



FIG. 3(c) 



307 



306 



■304 



FIG. 3(d) 



•308 



18 



EP1 132 772 A1 



FIG. 4(a) 
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FIG. 5(a) 
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FIG. 6(a) 
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FIG. 7(a) 
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FIG. 12 
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FIG. 14(a) 
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FIG. 15(a) 




FIG. 15(b) 



o 1 — i 

FIG. 15(c) 




FIG. 15(d) 



29 



EP1 132 772 A1 



FIG. 16(a) 
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